The performance of Friedel"s salt (FS: 3CaO·Al 2 O 3 ·CaCl 2 ·10H 2 O), a layered double hydroxide (LDHs), as an adsorbent for cobalt (Co 2+ ) removal from its solution was investigated. Friedel"s salt was synthesized by reaction of tricalcium aluminate with calcium chloride. The stability of FS at different pHs was studied. Also, the adsorption behaviors of Friedel"s salt for cobalt (Co 2+ ) from its solution at different concentrations and pH=4 at room temperature and 50ºC was examined. The results showed that, high stability for FS in neutral medium (pH=6) than in basic (pH=8) and acidic medium (pH=4). In addition, the results indicated that the adsorbent FS had an outstanding ability for Co(II) adsorption. The maximum adsorption capacity of the FS for Co (II) removal can reach to 1903.44 mg/g. Furthermore, the increase in the temperature (50º C) effect positively on the rate of adsorption.
removal by hydrocalumite to form new LDHs phase. Alaa et al., (2007) reported that the solubility of cobalt (II) is greatly decreased as the pH is increased from 2 to 6 causing an increase in adsorption affinity towards the clay surface. Adsorption of cobalt (II) at higher than 6 is inapplicable because of precipitation of cobalt ions at pH= 7.
Hayrettin et al., (2008) proved that the contribution of metal ion precipitation to the adsorption of Co 2+ ions from aqueous solutions onto sepiolite has been analyzed as a function of pH. Abstraction and precipitation isotherms are constructed to isolate the precipitation of cobalt from the real adsorption. The contribution of all cobalt species against pH is calculated from the available solubility products or acid constants. It is found that at pH 8. Hence, the objective of this study is to examine the performance of Friedel's salt as an adsorbent for cobalt removal from aqueous solution. The effects of various parameters such as concentration of cobalt solution, temperature and time were tested.
Materials and Methods

2.i. Materials:
The materials used in this work are obtained from "Merck" and "BDH" companies. These materials were calcium carbonate (CaCO 3 ), alumina (Al 2 O 3 ), calcium chloride dihydrate (CaCl 2 .2H 2 O), cobalt chloride dihydrate (CoCl 2 .2H 2 O), sodium hydroxide (NaOH) and hydrochloric acid (HCl, assay 30→ 32 %). Most of the chemicals used are either analar grade materials or of the highest possible purity.
2.ii. Preparation of tricalcium aluminate C 3 A (3CaO.Al 2 O 3 ):
Tricalcium aluminate was prepared by well mixing calcite and alumina in the molar ratio of 3: 1 and firing the mixture at 1350°C for 3 hours and three times. The formed C 3 A was analyzed using X-ray diffraction technique as well as chemical analysis to be sure that there is no free lime present and the only phase formed is C 3 A. The X-ray diffractogram is shown in Figure ( 
2.iii. Preparation of Friedel's salt:
Friedel's salt is prepared by precipitation method, powdered tricalcium aluminate C 3 A is slowly added to a solution of 0.10 M calcium chloride dissolved in distillated water and stirring for 24 hrs. The precipitate is collected via filtration then dried in an oven at 50° C for 24 hrs. The prepared Friedel's salt is identified by XRD as it shown in Figure ( 
2.v. Procedure
To examine the stability of Friedel's salt, 0.10 gm of the prepared FS is added to 50 ml of distilled water after adjusting it's pH to 4, 6 and 8 with dilute HCl or NaOH solutions for ←2ϴ degree different time intervals (0.5h, 3hrs, 6hrs, 1d, 3days and 14days). After each time, the precipitate is collected via filtration and dried at 50º C in an oven.
To examine the adsorption kinetics of Co(II) over Friedel"s salt, 0.1 gm. of FS is added to 50 ml of Co(II) solution with initial concentration of 0.50, 3.00, or 8.00 mM with the initial pH equals 4.00 and stirring for different time intervals (0.5h, 3hrs, 6hrs,3days and 14days).
To examine the effect of temperature on the adsorption kinetics, the above experiment is carried out in thermostatic water path adjusted at 50ºC.
Results and Discussion
3.i. The solubility and stability of Friedel's salt at different pH values.
The effect of different pH values (4, 6 and 8) on the stability and solubility of Friedel's salt is examined and the results are cited in Table ( 1) and represented graphically in Figure ( 3) which represented the concentration of calcium ion in solution. The results showed that the maximum stability of FS is at pH=6 while it decreases at pH = (4 or 8 
ii. Adsorption of Co (II) at room temperature
At low concentration of cobalt solution (0.5mM) at pH=4, it is found that the characteristic peaks of FS decrease from 0.5 hour up to 3 days and disappear completely after 14 day. While for high concentration (3 and 8mM) the characteristic peaks of FS disappear completely at different time intervals from 0.5 hour up to 14 days as shown in Figures (8, 9 and 10). While, the concentration of cobalt ions in solution decrease with increasing time as shown in Table ( 2) and represented graphically in Figure (7 
3.iii. Effect of temperature on adsorption of 0.5 Mm of CoCl 2 .2H 2 O at pH=4
On comparing the results represented in Figures (8 and 11) , we can notice that at room temperature ( Figure, 8) , increasing time cause a decrease in the intensity of FS characteristic peaks, while at 50ºC (Figure, 11) all the characteristic peaks of FS disappeared completely from the first 0.5 hour.
The results of atomic absorption is cited in Table ( 3) and represented graphically in Figure (12) . It is observed that the concentration of cobalt metal ions in solution after adsorption at 50°C fewer than adsorption at room temperature. Hence, it is clear that the temperature effect positively on the rate of adsorption of cobalt on the surface of FS. 
iv. Mechanism of cobalt adsorption
Finally, the results indicate that cobalt adsorption did not obviously change the layered crystal structure of FS. The most removal of metal cations (Co 2+) may be attributed to ionexchange and surface precipitation as illustrated in the mechanism below.
The mechanisms of Co 2+ adsorption included surface complexation, surface precipitation and inter ion exchange. Firstly, the surface hydroxyl groups of the FS and cation Co (II) ions would took part in ion-exchange/surface reaction, and surface complexes formed through electrostatic binding reaction. Surface reactions (1) and (2) In the present study, the behavior of Co(II) adsorption by FS was significantly affected by surface reactions. The effects of single variables study indicated that the initial Co (II) concentration was main influence factor through the adsorption process. The influence of high Co(II) concentration on Co 2+ ions diffusion was important. For high initial Co(II) concentration, due to "loading effect", all the surface sorption sites were occupied by Co(II).
Additionally, the XRD results indicated that the particles of Co-treated FS and Co(OH) 2 precipitation were not detected. These results revealed that Co (II) removal by the FS mainly through surface reactions in this experiment.
Conclusion
The main points that could be derived from this study are summarized in the following:- Friedel's salt is more stable at (pH=6) than (pH=4) and (pH=8), Hence, the stability and solubility of Friedel's salt affected by pH.  FS is considered as a good adsorbent for cobalt ion (Co 2+ ), FS adsorbed high concentration of cobalt very quickly with a very high efficiency (99.9 %).  Increase the temperature lead to increase in the rate of adsorption of cobalt ion Co 2+ by Friedel's salt.  Temperature is a good catalytic factor for increasing the rate of adsorption of metal ion (Co 2+ ) by Friedel salt.
